There is widespread belief that many hospital readmissions in adults are avoidable by improvements in care and discharge planning processes, resulting in significant cost savings; however, current studies have not examined the preventability of such readmissions in children' s hospitals.
RESULTS:
The rate of 15-day readmissions considered more likely preventable by the discharging hospital was 20.0% (1.7% of total admissions, 95% confidence interval 14.8%-26.4%). Reviewers failed to reach initial consensus in 62.5% of cases, although final consensus was achieved after the panel reviewed cases together. Consensus ratings served as the standard for the remainder of the study. Readmissions in children with malignancies were considered less preventable than those in children with other chronic illnesses (5.8% vs 25.8%, P = .003). Readmissions following surgical admissions were considered more likely preventable than those following medical admissions (38.9% vs 15.9%, P = .002). Central venous catheter infections and ventricular shunt malfunctions accounted for 8.5% of all readmissions reviewed.
CONCLUSIONS:
Although initial consensus about which readmissions were more likely preventable was difficult to achieve, the overall rate of preventable pediatric 15-day readmissions was low. Pediatric readmissions are unlikely to serve as a highly productive focus for cost savings or quality measurement. Pediatrics 2013;131:e171-e181
Reducing hospital readmissions has become a major focus of efforts to increase the quality of medical care while reducing costs. All-cause 30-day readmission rates of approximately 20% have been reported for Medicare beneficiaries 1 and some researchers and policymakers believe that many readmissions are avoidable by improvements in care and discharge planning during the previous hospitalization. [2] [3] [4] Consequently, readmissions are considered a reflection of quality of care and Medicare will reduce reimbursement to hospitals for readmissions considered potentially preventable. 5, 6 Yet, the impact of attempts to reduce avoidable readmissions, such as public reporting of hospital readmission rates by Medicare and diligent assurance of outpatient follow-up care after discharge, is unclear [7] [8] [9] and many readmissions may be affected by events outside the control of the hospital, such as primary care access and outpatient management. 7, 10 A smaller but growing body of literature addresses readmissions in the pediatric population. Whereas previous studies focused on specific conditions, [11] [12] [13] [14] Feudtner et al 15 evaluated all discharges from 38 children' s hospitals in 2004 and found that 16.7% of patients 2 to 18 years of age were readmitted within 365 days of the initial hospitalization. Berry et al 16 also found that patients with more hospitalizations in a single year were more likely to require technology assistance and to have public insurance. These studies did not examine preventability or earlier readmissions.
To date, there has been less emphasis on early readmissions in children, defined here as readmissions within 15 days of a previous discharge. Although there may be many reasons why readmissions occur, including lack of socioeconomic resources and access to primary care, 10 the discharging hospital is currently held most responsible for preventing readmissions, 5, 6 and intuitively, early readmissions may have a more direct relationship to care or discharge planning in the previous hospitalization than later readmissions. Thus, early readmissions might provide a better framework to study how readmissions might be prevented by the discharging hospital. Recent data from our institution showed that 15-day readmissions accounted for 8.4% of all admissions and that most of the patients had significant chronic diseases, 17 suggesting that characteristics of pediatric patients and their illnesses may have a significant influence on early readmissions. Although the extent to which early readmissions to children' s hospitals are preventable has not been reported, children' s hospitals may also see reduced reimbursement for readmissions in the future.
If readmissions are to be used to measure quality and affect reimbursement to children' s hospitals, then understanding the preventability of readmissions is critical. The objective of the current study was to determine the extent to which readmissions within 15 days of discharge were deemed preventable in our children' s hospital population.
METHODS

Study Setting
For this study, patients admitted to inpatient units within the Monroe Carell, Jr, Children' s Hospital at Vanderbilt (MCJCHV), a tertiary children' s medical center associated with Vanderbilt University Medical Center (Nashville, TN), 17 or its associated NICUs and newborn nursery (which admits healthy and high-risk patients directly from the labor and delivery suite from Vanderbilt University Medical Center) were included as admissions to MCJCHV, but those admitted to other hospitals at Vanderbilt University Medical Center were not. Our purpose was to examine the preventability of readmissions under the direct control of MCJCHV policies and personnel. This study was approved by the institutional review board of Vanderbilt University.
Internal administrative data for all MCJCHV patients ,30 years of age were available, including admission and discharge dates, and diagnostic and procedure codes. Each admission was assigned to 1 of 316 mutually exclusive categories of the All PatientRefined Diagnostic-Related Groups (APR-DRGs) Version 24.0 (3M Health Information Systems, Wallingford, CT). 18, 19 
Study Population
The study population included all patients readmitted to MCJCHV for all causes up to and including 15 20 assigns individual patients to a single, mutually exclusive hierarchical chronic condition status group. We used CRGs to categorize patients from hospital discharge data as previously described 21, 22 and stratified this population as follows: (1) nonchronic condition (eg, appendicitis), (2) episodic chronic conditions (eg, asthma), (3) single lifelong chronic conditions (eg, diabetes type 1), (4) chronic conditions in more than 1 body system (eg, cerebral palsy with quadriplegia and asthma) and complex conditions (eg, muscular dystrophy), and (5) malignancies.
Readmission Preventability Review
In a previous report, 17 Then, panel members were charged to rate the degree to which readmissions in the 200 chart review set were preventable by changes in the inpatient care or discharge planning provided during the preceding ("index") hospitalization. For example, panel members were instructed to look for medical errors during the index admission, evidence that the patient was not an appropriate discharge candidate, or communication issues at discharge that affected the readmission. Reviewers also were able to access information from the readmission to look for possible preventable causes (such as failure to fill a crucial medication prescription after the previous discharge) and to judge whether and how the readmission was related to the index admission.
The study chart review was then conducted in 2 parts: first, each panel member independently reviewed the same set of 100 records and assigned ratings. Panel members had access to the entire electronic medical record, including, but not limited to, history and physical, daily progress notes, discharge summaries, laboratory data, and notes from emergency department and outpatient encounters at MCJCHV. Panel members were not blinded to the identity of physicians and other staff members caring for the patients under review. The independent ratings were collated and analyzed. The panel then met together and in cases in which the 4 reviewers did not give exactly the same rating, the group reviewed the medical record together, and discussed the reasoning behind the rating of each reviewer. Through that discussion, the reviewers ultimately agreed on a final consensus rating for each readmission. This process was repeated with a second different subset of 100 randomly selected early readmissions.
Statistical Considerations
Because the ratings were on a 1 to 5 Likert scale, Kendall' s coefficient of concordance, W, was calculated to assess the level of agreement among 4 raters (correcting for ties) after each reviewer assigned ratings independently. Kendall' s W ranges from 0 (no agreement) to 1 (complete agreement) with a corresponding P value based on Friedman' s test, which tests the null hypothesis that there is no agreement among 4 raters with respect to readmission preventability. Wilcoxon ranksum tests and Pearson x 2 tests were used for comparisons between the reviewed and not reviewed readmissions. A P value ,.05 was considered statistically significant. Table 1 shows the comparison of the reviewed readmissions sample to other readmissions within the study period. The patients in the sample had an average age of 5.3 6 6.1 years at the time of the index admission and 57.5% were boys. The average length of stay of the index admissions was 9.0 6 21.2 days and the mean time between discharge and readmission was 6.7 6 4.0 days. A significant chronic illness (defined as stratified CRG groups 3, 4, and 5) was present in 74% of patients in the sample and 82% of admissions were for primarily medical conditions. The patients ARTICLE in the reviewed sample were younger at the time of admission (5.3 years vs 6.6 years) and were more often covered by government insurance (63.0% vs 51.6%) than the remainder of the readmissions. Table 2 shows the final consensus ratings for all 200 reviewed readmissions. The panel found that 20.0% (95% confidence interval, 14.8% to 26.4%) of the 15-day readmissions reviewed (1.7% of total admissions) were more likely preventable (rating categories 4 and 5 together) by changing care or discharge planning during the index admission. A subset of these readmissions (8.5% of readmissions in the reviewed sample) was for 2 distinct types of clinical problems: central venous catheter infections and ventriculoperitoneal shunt malfunctions; moreover, among the 68.5% of cases rated as 1 (not preventable in most circumstances), 50 (25% of the overall reviewed sample) were planned. These final ratings then served as the standard by which initial interrater agreement was assessed.
RESULTS
Demographics of the Reviewed Readmissions Sample
Consensus Ratings
Independent Review
When applying the rating scale to the first 100 sample readmissions independently, all reviewers gave the same rating in 39% of cases (39/100); thus, at least 1 of the 4 reviewers disagreed 61% of the time. Reviewers were more likely to agree with ratings in planned readmissions than unplanned (94.0% vs 18.7% agreement, P , .001). Three of the 4 panel members agreed exactly in an additional 37% of cases (37/100), bringing the total agreement among at least 3 of the reviewers to 76%. Panel members then met and reviewed rating discrepancies while consulting the medical record and determined the consensus rating for the first 100 sample readmissions. This also allowed reviewers to discuss cases relating to the guidelines for rating assignment and confirm or revise previous rules and conventions.
In the second randomly selected set of 100 readmissions, the reviewers independently graded readmissions with the same rating in 36% of cases, and 3 of 4 reviewers agreed exactly in another 27%. Panel members then met again and reviewed rating discrepancies and determined a final consensus rating for the second 100 cases. Thus, after independent review of the entire 200 readmissions sample, at least 1 reviewer was in disagreement for 62.5% of cases; moreover, the discussion after review of the first 100 cases did not significantly bias the review of the second 100 cases, as the percentage agreement was similar. Figure 1 shows the percentage of all 200 cases in which 0, 1, 2, 3, or 4 panel members agreed with the final consensus rating in their initial independent review. Disagreement was particularly evident for readmissions rated as preventable in most circumstances (rating 5), in which no more than 2 of 4 reviewers agreed in any instance.
We next evaluated the extent of the change in reviewer ratings from initial independent review to consensus. Overall, reviewers changed their initial 
Statistical Analysis of Independent Interrater Agreement
Among the 4 raters on 200 readmissions (using the 5-level scale), the concordance coefficient was 0.713 (Friedman' s P , .001), reflecting good interrater agreement. Thus, even though reviewers did not agree exactly after independent review in 62.5% of cases, they were more likely to have independent ratings that were similar if not identical.
Preventability by CRG Grouping
The extent to which reviewers felt readmissions were likely preventable was similar for aggregated CRG groups for nonchronic, episodic chronic, single lifelong chronic, and complex patients (25.0% to 26.7%, Table 3 ). Patients with malignancies had fewer readmissions considered more likely preventable (3/ 52, 5.8%) than all other CRG groups and all were central venous catheter infections.
Preventability by APR-DRG Category
We next examined the correlation between consensus preventability ratings and clinical patient categories by APR-DRG assignments. By using the APR-DRG category designations of medical or surgical conditions, we found that 15.9% of readmissions after medical index admissions were felt to be more likely preventable compared with 38.9% of readmissions after surgery (P = .002).
In the reviewed sample, two-thirds of the patients with planned readmissions were patients with malignancies with readmissions for scheduled chemotherapy. However, the remainder of planned readmissions occurred in 14 other APRDRGs, including those for seizures, bone marrow transplantation; ventricular shunt procedures; major cardiothoracic, gastrointestinal, and musculoskeletal surgery; and malnutrition/failure to thrive.
Of the 25 most frequent index admissions APR-DRGs (accounting for 67.5% of all readmissions in the sample), only 3 were surgical categories (Table 4) . In these categories, most readmissions (9/13) were deemed more likely preventable by the panel. The remaining APR-DRGs were medical, and most (82.6%) were considered less likely preventable.
Representative detailed clinical examples of cases and ratings can be found in Appendix 2.
DISCUSSION
This study raises 2 important issues for readmissions in pediatric patients. First, the overall rate of readmissions to our hospital was low (∼8%) and with only 20% of those considered more likely preventable, the all-cause 15-day preventable readmission rate was ,2%. Second, consensus about which readmissions are more likely preventable was hard to reach. Initially at least 1 of 4 experienced hospital-based pediatricians differed 62.5% of the time, and agreement was lowest for readmissions deemed preventable in most circumstances (Fig 1) ; however, when the discrepant cases were discussed as a group, it became clear that different reviewers had alternative interpretations of the same information and when the clinical reasoning of each reviewer was expressed, the group could examine the "shades of gray" and reach consensus. This suggests that group rather than individual evaluations are the preferred method of assessing preventability. Both of these issues have important health policy implications. 
FIGURE 1
Percentage of cases where 0, 1, 2, 3, or 4 panel members agreed with the final consensus rating in their initial independent review of all 200 cases using the full 5-point Likert scale. Exact agreement among all reviewers for all ratings was achieved in 37.5% of cases overall.
Studies focused on adults have reported higher rates of readmissions and preventable readmissions than we found. 1, 6 Our results indicate that the rate of preventable pediatric readmissions may be 4 times lower than that of adults. Extrapolating nationally, there are ∼33.1 million adult hospital admissions and 6.3 million pediatric hospital admissions annually, including ∼2.8 million healthy newborns. 23 If readmission rates at our institution are representative, at respective preventable readmission rates of 8% and 2%, there are 20 preventable adult readmissions for every 1 preventable pediatric readmission in the United States. One might argue to exclude the large population of healthy newborns from the calculation, but even when these infants and their ratings were not considered, the rate of more likely preventable readmissions to our hospital was 20.8%.
The low rate of preventable readmissions in our children' s hospital should give pause to payers looking to reduce costs by denying payment for readmissions. The findings should also concern quality groups looking to compare and ascribe accountability to hospitals based on pediatric readmission rates. With a preventable 15-day readmission rate of ,2% of all admissions, the comparison of rates may reflect random variation more than the quality of care at an institution.
The primary goal of this study was to have a group of experienced inpatient pediatricians determine the degree to which they considered 15-day readmissions in our hospital to be preventable. As a novel undertaking in pediatrics, the group had to develop the approach, the rating scale, and the guidelines for determining and assigning preventability. We felt that addressing the process and the discrepancies among reviewers after independent review was instructive both for the panel in developing and applying guidelines and to those who may try to apply and refine the approach at other institutions. This became the secondary goal of the study. The lack of initial consensus regarding preventability is concerning when viewed in light of the possible financial and reputational consequences to hospitals. If 4 experienced pediatricians are unable to view the same case and come to the same conclusion, then the potential for single reviewers at payers and hospitals to disagree about preventability is high. This situation would heighten tensions between payers and providers, and cause quality metrics using estimates of preventability to be called into question. 10, 24 This study also introduces a concept for preventability of specific complications of central venous catheter infections and ventriculoperitoneal shunt malfunctions (8.5% of readmissions reviewed). Although the panel generally considered these potentially preventable, the extent to which they can be prevented is unclear.
In the case of central venous catheter infections, recent experience in inpatient settings has shown that their incidence can be reduced significantly with diligent sterile technique and maintenance care. 25, 26 Although there are barriers to similar compliance in the home setting, theoretically external contamination of central venous catheters can be decreased to a significant degree rendering the readmissions that result from these infections potentially avoidable. In the case of ventriculoperitoneal shunt malfunctions, it is less clear how surgical technique affects the potential for shunt malfunction, although there are suggestions in the literature that risk factors, such as the location of the intracranial end of the shunt, have a bearing on shunt failure. 27, 28 Given that these 2 clinical problems are likely not always preventable, the actual preventable readmission rate may be ,20%.
Finally, although the rate of preventable readmissions to our hospital was ,2% of all admissions, it still represented ∼250 hospitalizations per year. Furthermore, although the focus of this study was to determine whether changes in care or discharge planning during the index admission could have prevented the readmission, some readmissions may be influenced by factors beyond the control of the hospital, which, nevertheless, if altered, might obviate the need for readmission. The contributions of outpatient providers and ambulatory care after discharge, more intensive home nurse visiting programs, and family situations and dynamics warrant further study. 7 On the other hand, Feudtner and colleagues 29 showed that pediatric readmission rates were actually higher in states receiving the highest ratings in child health system performance as assessed by the Commonwealth fund. This suggests that at least some readmissions may be a marker of an efficient, effective, timely, patient-centered, and equitable health system. This study has several limitations. First, the randomly selected sample of readmissions differed from the rest of the readmissions in that the patients were somewhat younger and were more often covered by government health insurance programs. Younger patients may be more likely to have acute illnesses, readmission for which can be affected by an unpredictable disease course or be subject to clinical judgment as to when discharge is appropriate. Older children have more time to develop chronic illnesses, although the incidence of chronic illness was not different between the 2 groups. Government insurance programs, most likely to be Medicaid managed care in the patient population of our institution, tend to cover populations with greater socioeconomic disadvantages and more chronic illnesses. Again, the latter was not different between the 2 patient groups, but the reviewed group may have had more psychosocial factors affecting readmissions.
Another limitation of the current study is that it was conducted in a single freestanding children's hospital that is part of an academic medical center. In this study, we interpreted a lack of documentation about discharge planning, for example, as if such planning was not done. Clearly, the possibility exists that follow-up plans were made and the caring physicians simply omitted this information from the medical record. This approach had the potential to overestimate the extent to which the readmission was preventable.
CONCLUSIONS
The overall rate of pediatric 15-day readmissions likely to be preventable was low and initial consensus about which readmissions were more likely preventable was difficult to achieve. Pediatric readmissions are unlikely to serve as a highly productive focus for cost savings or quality measurement.
